We report 2 cases of patients with solid tumors and coagulopathy who experienced avascular necrosis (AVN) of the bone following chemotherapy. Both cases exhibited nontraumatic bilateral AVN of the femoral heads, and one also showed bilateral AVN of the humeral heads. One case had multiple thromboembolic complications, including pulmonary obstructive syndrome and paraneoplastic pain. The other showed multiple paraneoplastic syndromes, with hypercalcemia and thrombocytosis. Groin pain and claudication of the lower extremities developed and persisted. Both patients eventually received bilateral hip arthroplasty due to AVN of both femoral heads.
Introduction
Avascular necrosis (AVN) of the femoral head is a pathological process that results from disruption of the blood supply to the bone and occurs most commonly in the femoral epiphysis [1] . Patients usually present with pain and limited joint motion [1] . The risk factors are not completely understood [2, 3] . Nontraumatic necrosis of the femoral head was also mentioned [4, 5] . The mechanism involves impaired circulation to a specific area that ultimately becomes necrotic. Furthermore, coagulation disorders have been reported in patients with AVN of the femoral head [6] . AVN is most frequently associated with high doses of oral and intravenous corticosteroids and prolonged duration of therapy [7] . Cancer patients receiving chemotherapy are usually also treated with corticosteroids for the prophylaxis of emesis [8] . AVN of the humeral head has rarely been reported [9] , although one case of bilateral AVN of the humeral heads has been reported in a patient with Hodgkin lymphoma following therapy [10] .
We report 2 cases of cancer patients with coagulopathy following chemotherapy. The first was a patient with breast cancer and bilateral AVN of the femoral and humeral heads. The second was a patient with malignant thymoma and bilateral AVN of the femoral heads.
Case Reports

Case 1
Case 1 was a 54-year-old woman with recurrent bilateral breast cancer, who was hospitalized in July 2009 with dyspnea. Her chest X-rays showed no abnormalities, but the chest computed tomography (CT) scan showed a tumor or thrombus over the right pulmonary vein and entering the left atrium (Fig. 1a ). The D-dimer value was 518 ng/mL (normal range <500 ng/dL). The patient received chemotherapy with 5-fluorouracil, leucovorin, vinorelbine, and cisplatin every 4 weeks, as well as daily subcutaneous treatment with a lowmolecular-weight heparin (LMWH), Fraxiparine (GlaxoSmithKline). The dyspnea improved during the chemotherapy course, but migrating pain, paraneoplastic pain, and swelling occurred over the left infra-auricular area. Dexamethasone was given for the prophylaxis of emesis and to improve the coagulation disorder.
The patient complained of pain and numbness localized to the bilateral groin area, especially the left side, and from July 2012 had difficulty walking. The pelvis X-ray showed bilateral AVN of the femoral heads ( Fig. 1b ). Bipolar hip arthroplasty was performed on the left hip in September 2012 and on the right hip in November 2012. The CT scan showed osteonecrosis of the right femoral head after bipolar surgery had been performed on the left femoral head (Fig. 1c ). Pathological specimens of both femoral heads showed AVN, but no cancer cells were seen.
The patient also complained of bilateral shoulder pain, especially on the left side. The plain X-ray showed osteonecrosis of both the humeral heads ( Fig. 2a, b ). The chest CT scan revealed bilateral osteonecrosis of the humeral heads, which was more severe on the left side ( Fig. 2c) .
The patient received a total of 40 courses of chemotherapy. She complained of severe left chest pain from October 2014, and we suspected acute coronary syndrome related to cancer with coagulopathy. The chest X-ray revealed cardiomegaly, and echocardiography showed a large quantity of pericardial effusion. The patient died of tumor progression and brain death in November 2014.
Case 2
Case 2 was a 51-year-old man with malignant thymoma, who was hospitalized in 2012 with dyspnea. He also exhibited paraneoplastic syndromes with hypercalcemia (serum calcium 12.4 mg/dL, normal range 7.9-9.9 mg/dL) and thrombocytosis (platelet count 824 × 10 3 /µL, normal range 50-450 × 10 3 /µL). His D-dimer value was >10,000 ng/mL (normal range <500 ng/dL). The chest X-ray and CT scan revealed a large anterior mediastinal mass (Fig. 3a) . The patient received chemotherapy with 5-fluorouracil, leucovorin, and cisplatin every 4 weeks as well as daily subcutaneous treatment with an LMWH, enoxaparin (Sanofi-Aventis). Dexamethasone was given for the prophylaxis of emesis.
The anterior mediastinal mass decreased in size following chemotherapy. The subsequent CT scan revealed this decrease as well as a tumor or thrombus over the right pulmonary vein and left atrium (Fig. 3b ). The patient received regular chemotherapy but refused radiotherapy. An initial tumor response was noted; however, later this lesion progressed.
The patient complained of pain localized to the groin area and difficulty in walking in November 2012. The pelvis X-ray revealed bilateral AVN of the femoral heads ( Fig. 3c ). Bipolar hip arthroplasty was performed on the left hip in January 2013 and on the right hip in April 2013. Pathological specimens of both femoral heads showed AVN, but no cancer cells were seen. The patient received a total of 10 courses of chemotherapy, but died of tumor progression and respiratory failure in February 2014.
Discussion
These 2 cases experienced nontraumatic bilateral AVN of the femoral heads, and one also had bilateral humeral head AVN. Both received chemotherapy and exhibited coagulopathy with a tumor or thrombus over the right pulmonary vein and left atrium. One also had multiple thromboembolic complications, including pulmonary obstructive syndrome [11] and paraneoplastic pain [12] . The other showed multiple paraneoplastic syndromes, including hypercalcemia and thrombocytosis.
The disruption of the blood supply to the hip and shoulder was due to arterial insufficiency in these areas, probably caused by paradoxical embolism [13, 14] . Paradoxical embolism is defined as the passage of a clot (thrombus) from a vein to an artery [11] . A tumor or thrombus was observed in the right pulmonary vein and left atrium in both cases. When a clot in a vein breaks off, it can lodge in an artery, causing localized ischemia. This can occur in the limbs, causing resting pain, as well as in the brain, causing a cerebral infarction [13, 14] . Claudication is defined as the pain caused by insufficient blood flow to an area, usually during exercise. This condition generally affects the legs, but can also affect the arms [15] .
Thrombosis in arteries has long been recognized in cancer patients, although the exact mechanisms remain obscure [16] . A potential mechanism may be endothelial damage in the arterial wall, causing the loss of the blood's natural anticoagulant properties [16, 17] . Virchow described three factors (venous stasis, endothelial injury, and hypercoagulability) that are thought to contribute to venous and arterial thrombosis [16] . The mechanism of the prothrombotic state is complex in cancer patients: cancer cells can activate the hemostatic system via the expression of adhesion molecules, the release of inflammatory cytokines, and the production of hemostatic factors [18] . Cytokine production is intricately related to both tumor production and the patient's reaction to factors such as infection, chemotherapy, and invasive therapeutic procedures [19] .
Both patients in this case study experienced multiple courses of chemotherapy, resulting in increased production of cytokines, which caused the formation of thrombi and decreased arterial blood supply. Blood disruption to the epiphyses of the femoral and humeral heads led to the development of AVN. The first case exhibited multiple thromboembolic complications, including pulmonary obstructive syndrome, dyspnea [11] , and paraneoplastic migratory pain [12] . These cases were unusual, since AVN usually occurs in patients with hematological malignancies [20] [21] [22] and is rarely seen in cases with solid tumors [23] .
After detection of the tumor or thrombus in the pulmonary vein and left atrium, both patients received regular scheduled chemotherapy, as well as continuous LMWH at the beginning of the chemotherapy course. The first case also received prolonged dexamethasone and intravenous fluid therapy in order to decrease cytokine production, because of multiple episodes of thromboembolic complications. There has been no benefit reported from using LMWH or oral anticoagulant treatment for intermittent claudication [24] . Both patients eventually received bilateral hip arthroplasty due to AVN of both femoral heads [25] , and both died of cancer with coagulopathy: one from brain death and the other from respiratory failure.
Conclusion
Cancer patients with coagulopathy undergo chemotherapy and anticoagulant therapy. When they complain of groin pain and claudication, AVN of the femoral head should be the differential diagnosis.
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